<19>B*B4»W (JP) 02) & ^ >£p ff ^ $g (A) (iDttWttiran** 

#^¥10-227226 

(43)^PH0 ^10^(1998) 8 £250 

(BDintci. 6 mmn 

F 0 2 B 69/06 



F I 

F 0 2 B 69/06 



m&m& m&mo&i ol & 4 jo 



(2D tammn 


#K¥9 -30000 


(7i) tap a 


000002967 










(22)dtfBB 


¥*£9¥(1997)2/!14B 




*m*mwm?-i /war i # i n 
















AE«^Ma*t«g2Te ^ivn 














(74)«SA 





(54) mavzm ^D--f^j^^mMm 

(57) [^3 

: mm ] 8^<^©m# 1 1 ttt ®SR#— h 9 a. 

io*>t mwvfx. izTmmztiz mm * - immm i 

*. 

f *K ] hu EMSMt l l atflff 1 2 £ . flu IE rttt 
t ffiil§n»H2: ^>BKc«(t« 4>iSBnEW(c jsv^T . 




( 2 ) ftfflW- 10-227226 



MIBffiiSIUte^ k k coPal^tJ ft +>5Ill]teisS 

icfc^t ~^-f ?;M7)A;P7' 5 >9'xmfflttm-t& 

[00 0 1] 

ffif&k^nftfmmi,z*i^x . %wt9)\s*mm. 
izmtx^-r^ztiz^K). ®mhJi-9<Dfo±.b. m 

WffiW&oi&t&b £0ft «t a (c Lfc°T^lM ?;io$<7)i*j 

[0002] 

C k »UW«»ft L A d k & iUffl ] -mz . 

4 ?/uot<o «r«o^-f ^^«HM8 

l>*#M^£frd«Ikfc:J: 0. ? 7 v^fico— UlteSst 0 

BESS. flBfcat^BRSrfr 5kSd0^M 
^SrftftClk^T'^ft. 

[0003] LA» U ~1M 7/M*JWWro4, »«Sft 
<^ftkw3*&£SUBL-CVvta*. 9 5 

[00 04] ZZX\ %6£X'lt. ©mSr. 

0 TW»3 *i * «Sl**iSI&«X«Sf SlWf ^TSBtt $ ft ft 

m%9 -#&&mi l zxj±ffiTF&z t izx o . ts$uftoj± 

^ft. UpU Btf^O^i, ««5$g*&«£IIBi!)-$-ft 

1 k fcnTjfcOOltt h;U^ Sr^Sk-f ft 

imm&mz&^x , p^'xfi*^<r, ^ 

* - # & 3fc#fc*BRrr !» £ k **C § "f . IAV ^ T 
(5. »*^-dQ*lft«t= J: &tm®®(Ofo±$MftX'Z 
& W±> 0 A\ - dnfitt«**«« tffifiifc:* ft 

im^mzt3^xmv^9^±^z9^yL. k 
o . Amnm^B t awtr ft k s ? xm&h . 



[000 5] Z1M ?>UftMIBUM>? ■ $ 

k#ph -jttco-yj 9ji>fttmmx'te, *(onm#R 
xfvm^wmmsafi. 9 ^mmmco-mx-$> 

comMzmtx'Z<%z>\ifr ,r )fiK zcowt&mmmz 
[0006] *%,mt. Huiaz^^ 9J^mmm^m-r 

bmiLtzXg&my-i 9>UftM®ffltzXMffi-t& - 1 
izX *) . ^0|^(cj3V^TW>yP^^)|fil±i:«««»JI 

ofsiia 1 5- iai> i k #-e# s i: . iSimmz t a^- 

[0007] 

<7)j^&%<n<c&mm*(<z. mmmmmfrt>mm#n 
# hfrt, covrntf* izx %m s a mm 9 - # 
m&mz&vxfc&ftmmmiz&ix , «rffi®«#&if 

9)V(w<)i--?94 $.>9"xmmwmL. mrieffiisnie^ 
^ fwvwf? 4 s wxwm^-mth . j k « 3 

[0008] 

£k(cio, ^A»sRm. 9)vx-mm,^tih- 

*3 »t +3 (IHk^ v > x It . - If 

-r rfwwm 5 > 9"xt&wwf®) zti&zbttzx 

«. #^-^3S*&lSfcTffi^§^S£kt=J;0. ffl*. 

[ 0 0 0 9 ] o£ 0 ; *^BJ(c J: a k . fiffli®&<7)ii50 
«t>3«iME«Ttt, «H?:, Z.^9)VX^%9-^ 

imaxzLxmi&hz.bx.z.*) . mittmm&i&zm 
9)vx^%9-^mk^z Lxmm-hi^x <o 

*> . kfiv^SKPfaat^k S:#a ZbtfX'% 

%9-^m^zx 0 w&tz z b iz j 0 s friefjsani 

0 4) , «v 41 h ;P 7 k ft5v ^^M«*k t ft ft £ k 



(3) 



<ftffi¥ 10-227226 



t * o mm £*6#-r •§» - 1 •?> . 

[00 10] 

[ftwommnBrni git, ^wmmmmmz. m 

V5kl,zJ:-oXffif&2tiX\<^. 

[ooii] HuiBv - y y^yn -y ? 2 ttstt* -> y >-^ - 

3rt(;{i, t^hy6*iftaia*:JfA$n. .rot 

fc, mris^y Kscii. -eoTsciuie^ y y 
y3fti,zmn^6jmm8j)m*-Bf£ztL, ^^mz 

Sf^-K- MOi rfBtiZZft-Xte y . iuie©m^- 1- 9 

«^MS8^offlpgi5^«©^# 1 1 mmmx- 

h 1 OtfO^MM8^c7)MPa5lc<i^#l 2#*=g-*i£(t 

«T, - 2 2 4 6 2 4 ^#^tie«c$ixT V*4 

J: d ^r*^#lg»ffilfll 13, l 4 £T Mffl^BS-f & J; 
■3£f?iJ&;**iTV->.|>. 

[00 12] mizti^X^l 5(2. Sf«^-b>l 5 
aiyoV-JESimi 5bt*miil,X&Lhm%?-X 

V-ffilffi-il 5b«©A{ilC 0*L3ri-o:T?y~ *- 

^^co^^s^^A'gs-si 6^s«g-r^-^. miter 

ov-JE«H8l 5 bOD±ani!l&. -{^-^-7185: 
iii.*:S&1-S£ 1 7 ^^LTtulSrt^lSM 1 tci-UtS® 

^-K-b9wgM-ri>. 

[0013] Huie#^,^-*3S^«1 5^*3tt^, 

1 5 acOAPIMK-s miie^ffiM 1 t-fctt 
0A»4> 1 9 Sr. l»ia»«*- 

»t 4 ? 9 W4 <osi(E»*«ajr ^ ems* 

2 l#>£><DfI-^£A2li: LT. BUlE©m#l 1 fcttf* 
m^#S21ti«t» 1 3 fc . |iflE«f^# 1 2 ic*-H-4«tt 
3t#WMWM 1 4 fc trOTfca^* X o lzftmt2>fc#> 
<?>®m®$LX'$>2> . 

[0014] -ttct>%. zmmm&z ota. f*mhc 

1 tCfc(t&®teifca*#J;ttt'ii$ 1 , 5 0 0 r pmBT* 
iSBUS*^ aWJx.{i'^4 , 5 0 0 r p mJSLbtOiSaiEI 
IgiSTii. HJrlE©-m#l iatf3Wl#l 2$-. -to** 
fcS«-4M1t«5i:*IHaflltS 13. 1 4 Sr^-LT. Hlf 



T . 11$-. 9=> >7ftl£Xmim&cr>±W.£M 

mcoffi- 1 o^*^?.t>2 1 omommtzti^xcoA-ffl 

4 ojgcoE^io ir-tr o»n< «t a tc-rs > -cmmhki 
■r* J: 3 teftjflrrs^ p^«s«n i ttitt h mm>m 

IB^l, 500rpm-»4, 5 0 0 r p m<7)iEH«^4i 
aHUHeBHS-CfcL miiai8Jm# 1 1 12*. % 

<v&« iztt-r&nnm.&#w®mm 13, 1 a l 

??>?ft&X*&$L<?>±tt&frt>i&$.hkl,fzi$& 
fcfcWC, liJWFllt, ^7^^^«T*«j6 0S*-"o. 
*<J2 1 0«<OEiat=*JV^T(?)*BH#, iim#l 2 Sr. ^ 
5y-?Mtr^l 5 0S*^»2 4 0JK<OEiatC*JHT 

o^.ra< «t a t-t* ) tubmmw* «t 3 izmm-t ■§» <o 
[0015] .roif&fzisirvt, ffi3iue«&tfassiii 

lEi|S^7)M^'c7)[H]eil6^-t5V^T(±, ©^#1 1 

«SUi. l 5(cTffi«l$#T.4>rt 

f%i l zj3tt&<t>m.®m&izt3\ l *xii. ©«#i iar^« 

-n. ®m±. %m?-#m&mi sizxEmztizz 
tizxK), t9$3mwmt>t>ti& t mmz&tezix& . 
[ooi6] zcom^iza^x , rtAmm 1 e-^m 

(cn^fflMAT-^-ra y x-hhtK ztitzvmf-tf 
m&m i 5 s-iiffl L-c-flMR^-^jfti^tc-rsi t ± 

[0017] rt^M 1 «4s $&®&MIZW> 

x. -*M?frx\ jao. ^^-^^T-wv^f-m 
itomx'wmzti&zkizj:*). zcDtprntBimmztewz, 
n s- . a2 c— jflowR«)iiMic"ca^± a 1*1 

-r&ztwx'Z&nx'hz. 

[0i ] *f6Bj^ifeo^ais-^-r0T*i.. 
[02] wy)v?k\m®Lb<7>mi]hZ7Ftmx'hh. 



1 rtin 

2 yy>//0 7-? 

4 ?-5:x-7$f& 

5 Sxyv^A-yK 

6 trxh>- 
8 (MS 



(4) 



1*0H¥ 10-227226 




Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 10-227226 
(43)Date of publication of application : 25.08.1998 



(51)lnt.CI. 

f . 




F02B 69/06 




(21 Application number 


09-030000 


(71 )Applicant 


DAIHATSU MOTOR CO LTD 


(22)Date of filing : 


14.02.1997 


(72)lnventor : 


HASEGAWA KUNIO 



(54) VARIABLE CYCLE TYPE INTERNAL COMBUSTION ENGINE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve an increase in 
shaft torque and reduction in fuel consumption in all 
rotating range of an internal combustion engine which is 
provided with, in an atmospheric air intake path to an air 
intake port with air intake valve connected to a 
combustion chamber, an exhaust turbocharger driven by 
the exhaust gas from an exhaust port with exhaust valve. 

SOLUTION: An intake valve 1 1 and exhaust valve 12 
are opened and closed at the valve timing of 4 cycle in 
both low and high speed rotating ranges of an internal 
combustion engine 1 so as to operate the engine at 4 
cycle, and these valves are opened and closed at 2 
cycle in a middle speed rotating range between the low 
and high speed rotating ranges so as to operate it at 2 cycle 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the internal combustion engine 
of the adjustable cycle formula which aimed at improvement in rotation torque, and reduction of fuel 
consumption by changing the cycle according to a rotational frequency in internal combustion engines, 
such as a jump-spark-ignition formula or a compression-ignition formula. 
[0002] 

[Description of the Prior Art] Generally, the thing of a twocycle and the thing of a four-cycle exist in an 
internal combustion engine as everyone knows. Since the former twocycle internal combustion engine 
has 1 time of an explosion process per one revolution of a crankshaft by performing inhalation of air, 
compression, explosion, and exhaust air during one revolution of a crankshaft, compared with the thing 
of the four-cycle internal combustion engine referred to as performing inhalation of air, compression, 
explosion, and exhaust air during 2 rotations of a crankshaft, its mean effective pressure is high and it 
can obtain the high output torque. 

[0003] However, with a twocycle internal combustion engine, scavenging efficiency is a low for 
whether it being ** from a four-cycle internal combustion engine. Although the method referred to as 
making the pressure of a scavenging-air style high by compressing inhalation of air into a crank case for 
raising this scavenging efficiency if it cuts was adopted, the oil mist in a crank case was mixed with 
inhalation of air, this became white smoke and this method invited remarkable aggravation of exhaust 
gas. 

[0004] Then, by compressing in the exhaust air turbosupercharger which drives inhalation of air with the 
mechanical supercharger driven with an internal combustion engine, or exhaust gas, the pressure of a 
scavenging-air style is made high and, recently, the method referred to as raising scavenging efficiency 
is adopted. There is a problem referred to as that the former method causes aggravation of specific fuel 
consumption since the output torque which changes good is needed for driving a mechanical 
supercharger, however, moreover, the latter method If it is few, and exhaust air capacity cannot fully 
drive an exhaust air turbosupercharger but pulls it in a low-speed rotation region Since about [ that 
improvement in the scavenging efficiency by the exhaust air turbosupercharger is not expectable ] and 
an exhaust air turbosupercharger is resisting inhalation of air, in a low-speed rotation region, the output 
torque is downed sharply, and there is a fault said that specific fuel consumption also gets worse. 
[0005] Moreover, in the so-called twocycle internal combustion engine of the 2 valve type which was 
made to perform inhalation of air and exhaust air by opening and closing of an inlet valve and an 
exhaust valve among twocycle internal combustion engines, since about [ become ] and its endurance 
fell extremely, there was a fault which the opening-and-closing operation of an inlet valve and an 
exhaust valve hears from the increase in a rotational frequency by flattery for the number of times of 
opening and closing of the inlet valve and an exhaust valve being the two times of a four-cycle internal 
combustion engine and which is referred to as not suiting high-speed rotation. 

[0006] this invention makes it a technical technical problem to offer the internal combustion engine of 
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the cycle adjustable formula which enabled it to also suit high-speed rotation while being able to aim at 
improvement in the output torque, and reduction of fuel consumption in all rotation regions by canceling 
said fault which the aforementioned twocycle internal combustion engine has with a four-cycle internal 
combustion engine. 
[0007] 

[Means for Solving the Problem] this invention in order to attain this technical technical problem in the 
inhalation-of-air path of the air air to the suction port with an inlet valve to "combustion chamber In the 
internal combustion engine which prepares the exhaust air turbosupercharger driven with the exhaust 
gas from the exhaust air port with an exhaust valve from the aforementioned combustion chamber, and 
changes Valve timing of the opening-and-closing operation in the aforementioned inlet valve and an 
exhaust valve is made into an adjustable formula, in the rotation region of both the low-speed rotation 
region in the aforementioned internal combustion engine, and a high-speed rotation region, the opening- 
and-closing operation of this inlet valve and exhaust valve is carried out by the valve timing of a four- 
cycle, and an opening-and-closing operation is carried out by the valve timing of a twocycle in the 
medium-speed rotation region between the aforementioned low-speed rotation region and a high-speed 
rotation region It was made the composition called 11 . 
[0008] 

[Function and Effect of the Invention] While an internal combustion engine is operated by the four-cycle 
in the rotation region of both a low-speed rotation region and a high-speed rotation region by carrying 
out the opening-and-closing operation of an inlet valve and the exhaust valve by the valve timing of a 
four-cycle according to this composition, inhalation of air is supercharged by being compressed in an 
exhaust air turbosupercharger. Moreover, in the medium-speed rotation region between a low-speed 
rotation region and a high-speed rotation region, while an internal combustion engine is operated by the 
twocycle by carrying out the opening-and-closing operation of an inlet valve and the exhaust valve by 
the valve timing of a twocycle, inhalation of air is supercharged by being compressed in an exhaust air 
turbosupercharger, at the same time scavenging efficiency is raised. 

[0009] According to this invention, that is, in the medium-speed rotation region where operating 
frequency is high An internal combustion engine by making it an exhaust air turbo supercharge formula, 
and operating by the twocycle While the output torque higher than the case where make the 
aforementioned medium-speed rotation region into an exhaust air turbo supercharge formula by the 
four-cycle, and it operates, and low specific fuel consumption can be obtained, in a low-speed rotation 
region By operating an internal combustion engine by the exhaust air turbo supercharge formula by the 
four-cycle The output torque higher than the case where make the aforementioned low-speed rotation 
region into an exhaust air turbo supercharge formula by the twocycle, and it operates, and low specific 
fuel consumption can be obtained, moreover, in a high-speed rotation region The problem said that the 
conformity to high-speed rotation like [ in the case of making the aforementioned high-speed rotation 
region into an exhaust air turbo supercharge formula by the twocycle, and operating ] is missing is not 
invited by operating an internal combustion engine by the exhaust air turbo supercharge formula by the 
four-cycle. 
[0010] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained about the 
drawing of drawin g 1 . In this drawing, a sign 1 shows the internal combustion engine of compression- 
ignition formulas, such as a jump-spark-ignition formula internal combustion engine which uses a 
gasoline etc. as fuel, or a Diesel engine which uses gas oil as fuel, and this internal combustion engine 1 
is constituted by the cylinder head 5 which concluded the cylinder 3 on the upper surface of the cylinder 
block 2 which equipped the lower part with the crankshaft 4 in preparation for the interior, and this 
cylinder block 2. 

[001 1] In the cylinder 3 in the aforementioned cylinder block 2, a piston 6 is inserted free 
[ reciprocation ] and this piston 6 is connected through the connecting rod 7 to crank pin 4a in the 
aforementioned crankshaft 4. In the aforementioned cylinder 3, the combustion chamber 8 which carries 
out opening is dented, and it is formed in the undersurface at the aforementioned cylinder head 5. to the 
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interior Moreover, the suction port 9 to the aforementioned combustion chamber 8, The exhaust air port 
10 from the aforementioned combustion chamber 8 is formed, to opening to the combustion chamber 8 
of the aforementioned suction port 9 an inlet valve 1 1 An exhaust valve 12 is respectively formed in 
opening to the combustion chamber 8 of the aforementioned exhaust air port 10, and each of these inlet 
valves 1 1 and an exhaust valve 12 is constituted so that an opening-and-closing operation may be 
out with the electromagnetic valve drives 13 and 14 which are indicated by JP,7-224624,A etc. 
[0012] In drawing, a sign 15 shows the exhaust air turbosupercharger which links exhaust gas turbine 
15a and blower compressor 15b directly, and changes. While connecting to the inlet side of blower 
compressor 15b in this exhaust air turbosupercharger 15 the introductory duct 16 of the air air from the 
air cleaner which is not illustrated, the discharge side of the aforementioned blower compressor 15b is 
connected to the suction port 9 in the aforementioned internal combustion engine 1 through the 
supercharge duct 17 equipped with the intercooler 18. 

[0013] Moreover, the exhaust air gas-evolution pipe 20 to the inside of the atmosphere is respectively 
connected to the entrance side of exhaust gas turbine 15a in the aforementioned exhaust air 
turbosupercharger 15 for the exhaust air duct 19 from the exhaust air port 10 in the aforementioned 
internal combustion engine 1 at the outlet side of the aforementioned exhaust gas turbine 15 a. And a 
sign 20 considers the signal from the rotation sensor 21 which detects the rotational frequency of the 
crankshaft 4 in the aforementioned internal combustion engine 1 as an input, and is a control circuit for 
operating so that the electromagnetic valve drive 13 to the aforementioned inlet valve 1 1 and the 
electromagnetic valve drive 14 to the aforementioned exhaust valve 12 may be described below. 
[0014] The rotational frequency in an internal combustion engine 1 this control circuit 20 namely, in the 
low-speed rotation region of about 1,500 or less rpm, and the high-speed rotation region of about 4,500 
or more rpm Both the electromagnetic valve drives [ as opposed to the each for the aforementioned inlet 
valve 1 1 and an exhaust valve 12 ] 13 and 14 are minded, and it is the valve timing (for example, when 
[ an intake stroke ] beginning from the top dead center of nullity in the degree of crank angle, it sets) of 
a four-cycle. About an inlet valve 1 1 , it is [ about / before the top dead center of the aforementioned 
nullity ] at the degree of crank angle. -Although controlled to carry out an opening-and-closing operation 
opening an aperture and an exhaust valve 12 only in the section of about 530 to about 740 degrees only 
in the section of 10 to about 210 degrees with the degree of crank angle The rotational frequency in an 
internal combustion engine 1 in the medium-speed time transition region of the range of the about 1,500 
above rpm - about 4,500 rpm Both the electromagnetic valve drives [ as opposed to the each for the 
aforementioned inlet valve 1 1 and an exhaust valve 12 ] 13 and 14 are minded, and it is the valve timing 
(for example, when [ an intake stroke ] beginning from the top dead center of nullity in the degree of 
crank angle, it sets) of a twocycle. It controls to carry out an opening-and-closing operation that the 
degree of crank angle opens [ in / the section of about 150 to about 240 degrees / for an inlet valve 1 1 ] 
an aperture and an exhaust valve 12 with the degree of crank angle only in the section of about 60 to 
about 210 degrees. 

[0015] In this composition, in the rotation region of both a low-speed rotation region and a high-speed 
rotation region, while an internal combustion engine 1 is operated by the four-cycle by carrying out the 
opening-and-closing operation of an inlet valve 1 1 and the exhaust valve 12 by the valve timing of a 
four-cycle, inhalation of air is supercharged by being compressed by the exhaust air turbosupercharger 
15. Moreover, in the medium-speed rotation region between a low-speed rotation region and a high- 
speed rotation region, while an internal combustion engine 1 is operated by the twocycle by carrying out 
the opening-and-closing operation of an inlet valve 1 1 and the exhaust valve 12 by the valve timing of a 
twocycle, inhalation of air is supercharged by being compressed by the exhaust air turbosupercharger 
15, at the same time scavenging efficiency is raised. 

[0016] In this case, by making it this with the application of the exhaust air turbosupercharger 15 at an 
exhaust air turbo supercharge formula, although it is as the curve A of a solid line showing the output 
torque at that time when an internal combustion engine 1 is a four-cycle and this is not equipped with 
the exhaust air turbosupercharger 15 to drawing 2 , to drawing 2 , the output torque can be improved, as 
the curve B of a dotted line shows. 
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[0017] On the other hand, in the medium-speed rotation region, it is a twocycle and the internal 
combustion engine 1 can make the output torque in this medium-speed rotation region higher than the 
case where an internal combustion engine is operated by the four-cycle to drawing 2 at a supercharge 
formula as the curve C of an alternate long and short dash line shows, by being operated with high 
scavenging efficiency by the exhaust air turbo supercharge formula. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the gestalt of operation of this invention. 

[Drawing 2] It is drawing showing the relation between the output torque and a rotational frequency. 
[Description of Notations] 

1 Internal Combustion Engine 

2 Cylinder Block 

4 Crankshaft 

5 Cylinder Head 

6 Piston 

8 Combustion Chamber 

9 Suction Port 

10 Exhaust Air Port 

11 Inlet Valve 

12 Exhaust Valve 

13 14 Electromagnetic valve drive 
15 Exhaust Air Turbosupercharger 

20 Control Circuit 

21 Rotation Sensor 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the internal combustion engine which prepares the exhaust air turbosupercharger driven 
with the exhaust gas from the exhaust air port with an exhaust valve from the aforementioned 
combustion chamber, and changes in the inhalation-of-air path of the air air to the suction port with an 
inlet valve to a combustion chamber Valve timing of the opening-and-closing operation in the 
aforementioned inlet valve and an exhaust valve is made into an adjustable formula. In the rotation 
region of both the low-speed rotation region in the aforementioned internal combustion engine, and a 
high-speed rotation region, the opening-and-closing operation of this inlet valve and exhaust valve is 
carried out by the valve timing of a four-cycle. The adjustable cycle formula internal combustion engine 
characterized by carrying out an opening-and-closing operation by the valve timing of a twocycle in the 
medium-speed rotation region between the aforementioned low-speed rotation region and a high-speed 
rotation region. 
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DRAWINGS 
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